Abstract. The present study aimed to investigate the expression of cyclin D1 and cyclin E in tissue chips of bladder cancer using quantum dots (QDs), as well as examine its clinicopathological significance. The QD-based immunofluorescence tissue chemical technique was adopted to detect cyclin D1 and cyclin E expression in 75 tissue chips of human urothelial bladder carcinoma (including 70 cases of urothelial bladder carcinoma and 5 cases of cystitis), and its correlation with clinicopathological features was analyzed. The positive rates of cyclin D1 and cyclin E expression in urothelial bladder carcinoma were 68.6% (48/70) and 70.0% (49/70), respectively; however, no expression was observed in cystitis. Based on the results of statistical analysis, the difference in the positive rates of cyclin D1 and cyclin E expression between urothelial bladder carcinoma and cystitis was significant (P<0.05). QD staining and statistical analysis revealed that the expression of cyclin D1 and cyclin E in urothelial bladder carcinoma was significantly higher compared with that in cystitis (P<0.05). However, no statistically significant difference (P>0.05) in cyclin D1 expression was observed in relation to pathological stage, clinical stage or invasion of urothelial bladder carcinoma; however, there was a significant difference (P<0.05) in cyclin E expression with respect to these factors. These results demonstrated that overexpression of cyclin D1 may be an early event in the occurrence of urothelial bladder carcinoma. Cyclin D1 may play a role in the initial stage where cell proliferation is a necessary step, without invasion or metastasis. In addition, overexpression of cyclin E was correlated with the stage and depth of invasion of urothelial bladder carcinoma. In conclusion, the abnormal expression of cyclin D1 and cyclin E may be involved in the occurrence and development of urothelial bladder carcinoma.
Introduction
Bladder cancer is the most common malignant tumor of the urinary tract, with 95% of bladder cancer patients suffering from urothelial bladder carcinoma (1, 2) . The rate of recurrence following surgical therapy is fairly high, and its incidence and mortality rates rank first among malignant tumors of the urinary system (3) . Tumor invasion and metastasis is the main cause of mortality in patients, although the pathogenesis has not been fully elucidated. The occurrence and development of bladder cancer are known to be associated with multiple genes and multi-level cell signaling network disorder (4) . The authors of the present study have previously conducted research into how genes and multi-level factors are associated with bladder cancer cell signaling network disorders (5-10); however, the research was not thorough on the subject of cell cycle protein with invasion and metastasis of tumors.
Dysregulation of the cell cycle is a key mechanism for the occurrence of tumors. Cyclin D1 and cyclin E have a key role in the regulation of the cell cycle and are a critical target of proliferative signals in G 1 phase. A high expression of cyclin E shortens the G 1 phase and induces tumor development (11) . By binding with cyclin-dependent kinase 4 (CDK4), cyclin D1 is activated, the compound CDK4-cyclin D1 is formed and the cell cycle is positively regulated. Patients with tumors in which cyclin D1 is overexpressed have a significantly lower survival rate compared with patients exhibiting a low expression of cyclin D1 (12) . Therefore, cyclin D1 is an effective prognostic factor.
Cyclin E, as the key factor in regulating the transformation between phases G 1 and S, forms a compound with CDK2 and enters the S phase (13) . Research has revealed that the expression of cyclin E is in direct proportion to the proliferative activity of tumor cells, and is associated with poor prognosis of tumors (14, 15) .
In the present study, a QD-based immunofluorescence tissue chemical technique was adopted in order to detect cyclin D1 and cyclin E expression, occurrence and development in urothelial bladder carcinoma, and evaluate the association between these factors using clinical pathology. This method serves to provide objective indicators for determining tumor invasion, metastasis and prognosis of urothelial bladder carcinoma. Reagents. Monoclonal rabbit anti-human cyclin D1 (cat. no. ZA-0101) and monoclonal mouse anti-human cyclin E (cat. no. ZM-0086) antibodies were obtained from Santa Cruz Biotechnology, Inc., (Dallas, TX, USA) at a dilution of 1:150. Secondary biotinylated goat anti-mouse and goat anti-rabbit immunoglobulin G antibodies (cat. no. sfk12000) were purchased from Santa Cruz Biotechnology, Inc., at a dilution of 1:300
Expression of cyclin
Experimental methods. The QD double-staining method was employed to detect cyclin D1 and cyclin E expression in the tissue chips of urothelial bladder carcinoma. The experiment was conducted in strict accordance with the instruction manual (18) . The tissue chips of urothelial bladder carcinoma (thickness, 4 µm) were dewaxed and hydrated, then microwaved for antigen retrieval and washed in Tris-buffered saline (TBS) (17) . The chips were blocked by incubation with blocking buffer solution (Wuhan Jiayuan Quantum Dot Technological Development Co., Ltd.) in a wet chamber for 30 min at 37˚C. Cyclin D1 and cyclin E antibodies were dripped into the chamber and incubated for 2 h at 37˚C, then washed three times in TBS-Tween for 5 min. The chips were then incubated with blocking buffer solution in the wet chamber for 10 min at 37˚C. Next, biotinylated goat anti-mouse or goat anti-rabbit immunoglobulin G antibody (cat. no. sfk12000; Santa Cruz Biotechnology, Inc.) was added to the wet chamber and incubated for 20 min at 37˚C. QDs-SA diluted with the blocking buffer solution was dripped into the wet chamber and incubated for 30 min at 37˚C, followed by washing with TBS-Tween three times for 5 min each time and then adding 90% glycerin buffer (19) . Then, a fluorescence microscope (DM2700 m; Leica Microsystems GmbH, Wetzlar, Germany) was used to observe the tissue chips. Upon observation under the microscope, the cells presenting with green fluorescence were considered to exhibit a positive expression of cyclin E, while cells presenting with red fluorescence were considered to exhibit a positive expression of cyclin D1. A positive area of ≥25% indicated that the cells exhibited a positive expression. In the control group, the primary antibody was substituted with TBS to form the control group, and the available positive chip was used as the positive control.
Quantitative analysis of the cyclin D1 and cyclin E expression levels. The NuanceFX™ multi-spectral imaging system (PerkinElmer, Inc., Waltham, MA, USA) was employed to perform quantitative analysis of the expression of cyclin D1 and cyclin E. Five complete and non-overlapping views were randomly selected under a high-power lens (magnification, x400). The mean optical density, positive area and total area of all cells with a positive reaction under each view were measured, and the ratio of the positive area was calculated. The mean value of the optical density and positive area per case was used as the measured value of the case (ratio of positive area = total area of positive reaction per unit / total area of cells per unit x 100%).
Statistical analysis.
The results of QD staining are expressed as the mean ± standard deviation. One-way analysis of variance and the Student-Neuman-Keuls q-test were conducted using the SPSS 13.0 software (SPSS Inc., Chicago, IL, USA) to confirm the mean optical density and ratio of the positive area in each group (α=0.05). Prior to detection, a normality test and homogeneity test of variances were performed. P<0.05 was considered to indicate a statistically significant difference..
Results
Expression of cyclin D1. With regard to positive cyclin D1 expression, strong red fluorescence was observed mainly in the cytoplasm of tumor cells, indicating that cyclin D1 was highly expressed (Fig. 1) . However, cyclin D1 expression was not observed in cystitis tissues (Fig. 2) . In total, 48 cases (68.6%) of urothelial bladder carcinoma demonstrated positive cyclin D1 expression. The average optical density and the positive area rate were found to be significantly different between the urothelial bladder cancer and cystitis tissues (P<0.05). The results of the image analysis are listed in Table I . In addition, no statistically significant difference in cyclin D1 expression (P>0.05) in relation to patient age, gender, depth of invasion or clinical UICC stage, as shown in Table II .
Expression of cyclin E. With regard to positive cyclin D1 expression, strong green fluorescence was observed mainly in the cell nuclei of tumor cells (Fig. 1) . By contrast, cyclin E expression was not observed in cystitis (Fig. 2) . In total, 49 cases (70%) of urothelial bladder carcinoma demonstrated positive cyclin E expression. The average optical density and the positive area rate were found to be significantly different between the urothelial bladder cancer and cystitis tissues (P<0.05). The results of the image analysis are listed in Table III . In addition, no statistically significant differences in cyclin E expression (P>0.05) were observed in relation to patient age and gender. However, a significant difference in the expression of cyclin E (P<0.05) was detected in relation to the depth of invasion and clinical UICC stage, as demonstrated in Table II . Expression of cyclin D1 and cyclin E in urothelial bladder cancer, detected using sensitive quantum dot double-staining (magnification, x200). Cyclin D1 (red fluorescence) and cyclin E (green fluorescence) were highly expressed in the urothelial bladder cancer tissues. Figure 2 . Expression of cyclin D1 and cyclin E in cystitis tissues, detected using sensitive quantum dot double-staining (magnification, x200). Cyclin D1 and cyclin E were not expressed in cystitis tissues.
Correlation between cyclin D1 and cyclin E expression.
Considering the aforementioned observations, the cyclin D1 and cyclin E expression was found to be significantly and positively correlated in the 70 cases of urothelial bladder carcinoma.
Discussion
Bladder cancer is the most common malignant tumor of the urinary tract, with ~95% of bladder cancer patients suffering from urothelial bladder carcinoma (20, 21) . Approximately 80% of bladder cancer cases are superficial in the early stage, and 70% of such patients suffer relapse following surgery, with 30% of relapses developed towards the later stages of the disease (1). In addition, 15-30% of cases are invasive at the early stage, even if therapy is received for early metastasis (22) . The prognosis of patients with urothelial bladder carcinoma is determined by the depth of invasion, metastasis and recurrence. Therefore, the study of factors, including tumor invasion and metastasis of urothelial bladder carcinoma, is of great clinical significance. Invasion and metastasis of tumors are the main causes of mortality, although the pathogenesis has not been fully elucidated (23, 24) . The occurrence and development of bladder cancer are known to be connected with multiple genes and multi-level cell signaling network disorder (4). Previous research into how genes and multi-level factors are associated with bladder cancer cell signaling network disorders has been conducted by the current authors (5-10); however, the research was not thorough on the subject of cell cycle protein with invasion and metastasis of tumors. Further investigating the underlying mechanism of the occurrence and development of bladder cancer, as well as searching for effective indicators to predict its biological behavior, is crucial in order to assist its early diagnosis and provide an experimental basis for guiding treatment and prognosis. Studying the association between the occurrence of tumors and the cell cycle progression is currently a hotspot in tumor biology research (25) . Cyclin D1 and cyclin E are significant regulatory factors in the G 1 and S phases of the cell cycle; however, their correlation with bladder cancer remains unclear.
A tissue chip (or tissue microarray) refers to a tissue section consisting of tens of thousands of tissue blocks that are neatly placed on a glass slide. Tissue chips have a small volume, but contain a large quantity of information, demonstrating substantial results in one-time experiments. Data with regard to cyclin D1 and cyclin E expression in urothelial bladder carcinoma may be obtained in a short period of time. In contrast to traditional pathological techniques and methods, the results obtained using the tissue microarray technique are consistent, reliable and fairly comparable, which can reduce time and cost, and provide a large quantity of data. This method has several promising applications. Tissue chips may be used in fields including basic, clinical and application research, as well as medicine development, and has promising prospects for development (10) .
QDs are novel fluorescence semiconductor nanocrystals, which present a broad and continuous spectrum, high absorptivity and intensity, a narrow and symmetrical emission peak, and fast light bleaching, compared with the traditional organic fluorescence labeling reagents (26) (27) (28) . QDs are able to withstand repetitive activation, have activated pathology and may be applied in tumor diagnosis and imaging studies (29) .
In the present study, the QD immunofluorescence and tissue chip techniques were adopted to detect cyclin D1 and cyclin E expression, occurrence and development in human urothelial bladder carcinoma. In addition, the association of their expression with clinicopathological factors was investigated in order to improve the understanding on the molecular mechanism of occurrence and development of urothelial bladder carcinoma, as well as its biological behavior.
The regulation of cell cycle progression mainly relies on the formation, activation and interaction of cyclin, CDK and CDK inhibitor. As key positive regulatory factors, cyclin D1 and cyclin E play critical roles in G 1 phase regulation and G 1 /S phase transformation. Cyclin D1 has been demonstrated to be a cancer gene that is directly associated with tumors. Cyclin D1 (11) , as the most significant positive regulatory factor of the cell cycle, plays a key role in the occurrence and development of tumors (30) . Under a physiological state (31) , as the cell enters the S phase, cyclin D1 breaks down. In cases where the cyclin D1 gene is activated, cyclin D1 is highly and continuously expressed. G 1 phase is then shortened and cyclin D1 enters the S phase early; thus, cell proliferation is uncontrollable and the tumor is formed.
Cyclin E is a positive regulatory factor in the G 1 /S phase transformation and regulation. It is synthesized after cyclin D, and kinase activity reaches its peak in the late period of G 1 phase. However, the chromosomal localization of cyclin E gene remains unclear. In the body, cyclin E combines with CDKZ to form the compound cyclin E-CDKZ, which phosphorylates and deactivates the retinoblastoma protein (Rb) (32) . Subsequently, the transcription factor inhibited by the phosphorylated Rb is released, while G 1 /S transformation and DNA synthesis are promoted, and cell proliferation is realized. After entering the S phase, cyclin E breaks down quickly. Cyclin D1 and cyclin E, as key rate-limiting factors in the G 1 /S transformation of the cell cycle, play significant roles in cell proliferation (33) . In addition, cyclin E is considered as a backup cyclin in regulating G 1 /S phase transformation. As a cancer gene, cyclin E overexpression exerts harmful effects on the cell cycle, which may cause uncontrollable cell proliferation and promotion of tumor occurrence and development. As previously reported in the literature, cyclin E gene amplification and protein overexpression may be detected in human tumors, including breast, ovarian, gastric, esophageal, pancreatic and lung cancer (34) . In addition, previous studies have identified that cyclin E overexpression is associated with the stage, grading, metastasis and life cycle of certain tumors, including breast cancer, gastric cancer, renal pelvic carcinoma and ureteral cancer (35) (36) (37) . Therefore, cyclin E expression is considered to be a significant prognostic marker for these cancers. In a number of tumor tissues, cyclin E generates gene amplification and overexpression, and has already been confirmed as a cancer gene (38) . In the majority of tumor studies, the immunolabeling technique is used to determine cyclin E expression in the cell nucleus (39) (40) (41) (42) . Cyclin E protein is synthesized and degraded in the cytoplasm, and is generally quickly transferred to the cell nucleus (43) . The accumulation of cyclin E in the cytoplasm may demonstrate increased synthesis, decreased degradation and nuclear transport disorder (32) . Cyclin E is mainly engaged in cell division within the cell nucleus; therefore, tumor cells with negative nuclear and cytoplasm staining are considered as having negative expression (40) .
In the present study, QD staining and statistical analysis were performed. According to the results, cyclin D1 expression in urothelial bladder carcinoma tissues was greater compared with that in cystitis tissues, and the difference was statistically significant (P<0.05). This indicates that cyclin D1 protein overexpression shortens the cell cycle of G 1 phase, diminishes its volume and weakens its dependence on mitogen. Simultaneously, the overexpression results in uncontrolled cell proliferation and leads to urothelial bladder carcinoma development. Based on the current experimental results, cyclin D1 expression has no significant association with the clinicopathological stages of urothelial bladder carcinoma, indicating that cyclin D1 overexpression may be an early event in the occurrence of urothelial bladder carcinoma, and may be important in the initial stages where cell proliferation is a necessary step, involving no tumor invasion or metastasis.
Using QD staining, cyclin E expression was also detected in urothelial bladder carcinoma tissues, and statistical analysis was conducted. Cyclin E expression was observed to be higher in urothelial bladder carcinoma tissues compared with that in cystitis tissues, and the difference was statistically significant (P<0.05). In addition, cyclin E expression exhibited a significant association with the clinicopathological stages of urothelial bladder carcinoma (P<0.05). Therefore, cyclin E may participate in the occurrence, development and metastasis of urothelial bladder carcinoma and may be a significant reason for the active proliferation of tumor cells. The present study, reporting the overexpression of cyclin D and cyclin E in urothelial bladder carcinoma, may assist the investigation into the pathogenesis of this disease and the classification of the disease into clinical stages and degrees of malignancy, thus serving as a novel therapeutic approach.
In conclusion, cyclin D1 and cyclin E are key regulatory factors of G 1 /S phase transformation. Their overexpression shortens the duration of G 1 /S phase transformation and promotes the progression of the cell cycle and increased cell proliferation, which results in tumorigenesis. The synergetic effect of their overexpression may affect the occurrence and development of urothelial bladder carcinoma. Further investigation on the correlation between cyclin and urothelial bladder carcinoma is likely to provide an insight into the mechanism of tumorigenesis. Previous studies have confirmed that cyclin plays a significant role in the occurrence of tumors and is able to provide prognostic information on a number of common tumors (35, 44) . However, the underlying mechanism through which cyclin affects tumor development remains unclear and requires further elucidation.
